Disposition of nicotine and eight 
metabolites in smokers and nonsmokers: 
Identification in smokers of two 
metabolites that are longer lived 
than cotinine 


The disposition of a single intravenous dose of H C-nicotrne was investigated in six cigarette smokers and 
six nonsmokers. Plasma and. urinary elimination of both nicotine and cotinine was faster in smokers than 
in nonsmokers. In the urine of both smokers and nonsmokers, we identified nicotine and eight metabo¬ 
lites, including two new' metabolites: metabolite A (3-hydroxycotinine glucuronide) and metabolite 
G (demethylcotmine A J 3 -enamine). Metabolites A and G were of particular interest because, in smokers, 
they both persisted longer than cotinine. This property tenders them more sensitive than cotinine as poten¬ 
tial indicators of passive exposure to cigarette smoke. (Cun Pharmacol Ther 1990;48:64I- 
Sl.) 

Grab riel A. Kyerematen, PhD, Monica L. Morgan, BS, Balaka Chattopadhyay, MS, 

J. Donald deBethizy, PhD, and Elliot S. Vesell, MD Hers bey, Pa, 


The disposition of nicotine and a major metabolite, 
cotinine, has been reported to differ between cigarette 
smokers and nonsmokers, in that smokers eliminate 
both nicotine and cotinine more rapidly than nonsmok¬ 
ers. 1 " 3 In tats, the application of a recently developed 
radiometric HPLC assay 4 permitted identification of as 
many as 12 different metabolites after a single intra¬ 
venous dose of 1 “C-nicotine. s In male rats, two of 
these metabolites, 2'-hydroxydemcthylcotinine (allo- 
hydroxydemethylcotinine) and cotinine-N-oxide, were 
eliminated even more slowly than cotinine, 3 previously 
considered the most sensitive index of exposure to nic¬ 
otine because it was believed to be the longest- 
lived nicotine metabolite. 6 ® More recently, 3- 
hydroxyeotinine has been advocated as the most sen¬ 
sitive index of nicotine exposure because it is more 
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abundant than cotinine in the urine of smokers.’ This 
study suggests that, in humans, other nicotine metab¬ 
olites may serve even more sensitively than cotinine 
and 3-hydroxycotinine as indicators of passive exposure 
to cigarette smoke. 

MATERIAL AND METHODS 

Our subjects were 12 normal men whose ages ranged 
from 22 to 34 years. Six were regular cigarette smokers 
who had smoked at least one pack of cigarettes a day 
during the previous year. The other six were nonsmok¬ 
ers. None of the subjects had a history of past serious 
illness, and none took any medication or consumed 
alcohol on a regular basis. 

Subjects refrained from consumption of coffee, 
caffeine-containing preparations, and methylxanthine- 
containing foods for 2 days before and during the ex¬ 
periment. Smoking was prohibited from midnight 
before nicotine administration and throughout the ex¬ 
periment. To control for pH-dependent variations 
among subjects in renal tubular reabsorption of nico¬ 
tine, urine was acidified to pH 5 with ammonium chlo¬ 
ride, which was given to each subject orally in a dose 
of 2 gm four times daily (with meals and before bed¬ 
time). This dose was taken 2 days before and on the 
day of nicotine administration. Each subject received a 
single intrave nous dose of 190 pg of ga mafe ly cntine r 
%^nti3hainE2f35Rspecific activity, 6G.0mCi/mmol; 
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radiochemical purity, 98%; Du Pont New England Nu¬ 
clear Research Products, Boston, Mass.), which was 
made up to 5 ml in sterile saline solution and infused 
for 2 minutes, beginning at 9 AM, Venous blood (10 
ml) was drawn immediately before nicotine infusion 
and at 0, 5, 10, 15, 30, and 45 mintues and at 1, 2, 3, 
4,6, 8,10, 12, 24, and 48 hours after nicotine infusion. 
Nicotine was infused by means of a cannula placed in 
one antecubital vein, and blood was withdrawn from a 
second cannula placed in the other arm. Plasma frac¬ 
tions were stored at — 20° C. Total voided urine spec¬ 
imens were collected after nicotine administration at 0, 
l h , L, 2, 3, 4, 6, 8, 10, 12, 18, 24 , 30, 36, 48, 60, 
72, and 96 hours. Total volume and pH of each sample 
were recorded immediately on collection and aliquots 
stored at —20° C until assayed for nicotine and me¬ 
tabolite content. 

HPLC assay for nicotine and metabolites. To define 
the profile of nicotine metabolites in humans we used, 
with only slight modification, our radiometric HPLC 
procedure for nicotine and its 12 metabolites, an assay 
described in detail elsewhere, 4 These modifications con¬ 
sisted of the following: one column, a 150 X 4.5 mm, 

5 pm IBM cyano cartridge (Boca Raton, Fla.), was 
used for both plasma and urine analyses. As previously 
described, 4 this analytical column was preceded by a 
50 x 4.5 nun, 5 pm IBM cyano cartridge, which 
served as a guard column. A second modification in¬ 
volved solvent B, which was changed to water:meth¬ 
anol 0.5 mol/L acetate buffer (pH 4.0);acetonitrile 
(65:29:4:2; vol/vol), adjusted to pH 6.82 with tri- 
ethylamine. Solvent A, unchanged from that previously 
described,* was composed of water:methanol:0.1 
mol/L acetate buffer (pH 4.0):acetonitrile (375:22:2: 
1; vol/vol). The solvent gradient program was simpli¬ 
fied to an initial 10-minute linear gradient from 100% 
A to 98 % A:2% B and followed by stepwise modifi¬ 
cation to 100% B, which was maintained for 15 min¬ 
utes. Initial conditions were reestablished by equili¬ 
brating the column with 100% A for 15 minutes. 
Throughout the 40-niinute run, solvent flow rate was l 
ml/min. The within- and between-day coefficients of 
variation of this modified assay were 6% to 1% and 
9% to 10%, respectively; the limit of sensitivity for 
nicotine and each metabolite was about 0.05 ng/ml. 
These values were similar to those reported in the orig¬ 
inal assay. 4 

Predose urine, plasma, and saliva samples obtained 
from subjects were assayed for nicotine and cotinine 
by gas chromatography as previously described.’' 1411 

Isolation and characterization of metabolites. An. 
aliquot of 0.5 to 1 L of pooled 24-hour urine obtained 


from smokers and non smokers was afkalinized to pH 
12 with 10 moi/L sodium hydroxide and extracted thor¬ 
oughly four times with 1 L methylene chloride. Meth¬ 
anol (50 ml) was added to this extract, which was then 
concentrated to 1 ml voume under a steady stream of 
nitrogen at 60° C. Aliquots (100 pi) of this concentrate 
were repeatedly injected, and radioactive fractions cor¬ 
responding to basic nicotine metabolites were isolated 
under the conditions for HPLC just described. These 
fractions were further purified by alkaline-modified 
back extraction with methylene chloride. 

The extracted aqueous urine fraction was neutralized 
to pH 5.0 with 5 mol/L hydrochloric acid and lyoph- 
ilized overnight. The resulting residue was partially 
desalted by sequential extraction with four 20 ml 
batches of methanol. After concentration of this meth- 
anolic extract, 250 pi aliquots were repeatedly injected 
under the HPLC conditions described above and radio¬ 
active peaks, corresponding to neutral or acidic metab¬ 
olites of nicotine, were isolated. These HPLC eluaies 
of the individual metabolites were evaporated to dryness 
under nitrogen at 60° C. The residues were partially 
desalted, again by minimal volume extraction with 
methanol. Further purification and desalting were 
achieved by chromatography on a Waters Resolve C, ; 
radial-pak cartridge (Waters Associates, Inc., Milford, 
Mass.) with a solvent system as a mobile phase that 
was composed of water: methanol: acetic acid, lN:ace- 
tonitrile (65:29:4:2; vol/vol), adjusted to pH 6.8 with 
triethylamine. 

The above procedure of Limited capacity proved un¬ 
satisfactory for the large scale isolation and character¬ 
ization of two heretofore unidentified metabolites, 
which we designated as metabolites A and G, according 
to their order of emergence from the column—A being 
the first to appear and G the last. Column chromatog¬ 
raphy on silica gel proved to be an effective, higher- 
capacity method for isolating metabolites A and G. A 
silica gel (40 gm) column packed in methylene chlorine 
was loaded with urine fractions (0.5 gm) and eluted 
sequentially with 200 ml batches of the following: 
methylene chloride/methanol (1:1) mixture; methanol; 
10% solution of concentrated ammonia/methanol; 
methanol; and, finally, 10% solution of 5N sulfuric 
acid/methanol. Radioactivity in the fractions (10 ml) 
collected was determined with a Beckman LS 100 
scintillation counter (Beckman Instruments, Inc., 
Palo Alto, Calif.). 

Enzymatic hydrolysis. Aliquots of urine (300 pi) and 
chromatograph ically purified preparations of metabolite 
A (50 pi) were incubated with 30 p.1 p-glucuroindase 
(7.3 U/ml)/arylsulfatase (5.1 U/ml) (Calbiochem- 
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Peak No. 

i. 

Retention Time 
(min) 

. 3.5. 

Peak identity 

.metabolite A 

2. 

. 5.2. 

.cotinine-N-oxide 

3. 

. 9.8. 

.3-hydroxycotinine 

4. 

.13.3. 

.demethylcotinine 

5. 

.14.6. 

.cotin iris 

6. 

.16.1. 

.nornicotine 

7. 

.17.8. 

.nicotine 

8. 

.18.7. 

.nicotine-1 '-N-oxide 

9. 

.20.4. 

.metabolite G 


Fig. 1. Radiochromatogram of a 24-hour urine collection from a smoker (Subject 1) after an in¬ 
travenous dose of l4 C-nicotine (190 |xg). Unextracted urine was fractionated by use of the binary 
gradient solvent system described in Material and Methods. 


Behring, Behring Diagnostics Inc., Somerville. N.J.) 
and 320 |jl1 sodium acetate buffer, 0.5 moI/L (pH 4.5). 
Heat-inactivated enzyme was used in control incuba¬ 
tions, ^raCTTK-saccbart rl A Uctone rthe ^ pecitgidJ' 
itpiacliriMclasalritubitofll was added to some incubation 
mixtures (final concentration, 0.15 moi/L) to specify 
the conjugate of metabolite A. All incubations were 
performed at 37° C for 20 hours. After incubation, 
control and test mixtures were centrifuged and aliquots 
of the supernatant were injected directly into our HPLC 
system. 


Mass spectrometry. To verify their chemical struc¬ 
ture, we performed chemical ionization mass spec¬ 
trometry on all isolated metabolites with a Nermag 
R3010 triple quadropole mass spectrometer (Rueil- 
Malmaison, France) coupled by a Vestec thermospray 
(Houston, Texas) interface to a Waters 6000 HPLC 
system (Waters Associates). Thermospray, liquid chro¬ 
matography, and mass spectrometry analyses run in 
both the “daughter ion” and “selected reaction moni¬ 
toring" modes provided further chemical characteriza¬ 
tion of individual metabolites. Electron ionization anal- 
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Table I. Nicotine and cotinine concentrations in urine, plasma, and saliva from smokers and nonsmokers 
before administration of !1 C-nicotinc 




Urine 


Plasma 


Saliva 


Subject No. 

Nicotine 
( nglml) 

Cotinine 

(nglml) 

Nicotine 

(nglml) 

Cotinine 
{ng/ml) 

Nicotine 

(nglml) 

Cotinine 

(nglml) 


Smokers 

i 

2890 

2790 

35 

148 

3 

243 


2 

240 

1890 

7 

140 

5 

156 


3 

700 

2980 

5 

150 

5 

[57 


4 

232 

404 

2 

29 

30 

271 


5 

290 

4150 

8 

485 

31 

432 


6 

190 

1490 

2 

i06 

2 

335 


Mean ± SE 

757 ± 433 

2272 ± 532 

10 ± 5 

176 ± 64 

8 ± 5 

26 6 ± 44 


Nonsmokers 

7 

60 

7 

2 

8 

2 

9 


8 

40 

4 

1 

1 

1 

6 


9 

60 

4 

2 

5 

2 

8 


10 

30 

5 

1 

7 

1 

13 


-11 

180 

480 

7 

93 

2 

61 


12 

50 

50 

1 

17 

1 

20 


Mean ± SE 

70 ± 23* 

92 ± 78t 

2 ± 1* 

22 - 14* 

2 ± 0.2* 

20 ± 9t 



*0.01 < p < 0.05. 
t p < o.oi. 



yses were performed with a Kratos MS 950 mass spec¬ 
trometer (Lancashire, U.K.) with samples introduced 
by the direct inlet system. 

Data analysis. Semilogarithmic plots of plasma nic¬ 
otine and cotinine concentrations with time after W C- 
nicotine administration provided the basis for design of 
appropriate pharmacokinetic models for nicotine dis¬ 
position. The disposition of nicotine and its metabolites 
was analyzed by conventional pharmacokinetic meth¬ 
ods. 2 Plasma pharmacokinetic parameters were esti¬ 
mated with the computer program of Cazin and 
Luyckx 12 for use on an Apple lie computer (Apple 
Computer, Inc., Cupertino, Calif.). Kinetic analysis of 
the urinary excretion of nicotine and its metabolites was 
performed by the sigma minus method, 2 which consists 
of semilogarithmic plots of Qdu., - Qdu, against time, 
where Qdiu is the absolute amount of nicotine or me¬ 
tabolite excreted in urine during the duration of the 
experiment and Qdu t represents the cumulative amounts 
excreted up to any time t. Such sigma minus plots are 
advantageous in that kinetic parameters generated from 
them are least influenced by fluctuation in urinary pH, 
urine volume, or additional factors capable of affecting 
nicotine disposition. Renal clearance (CL R ) was com¬ 
puted as urinary excretion of nicotine/AUC plasma nic¬ 
otine concentration, with use of urinary excretion and 
AUC for the time period up to 3 hours after the end of 
the ‘■‘C-nicotine infusion. For cotinine, the time period 


used for CL R calculation was 48 hours. Differences 
between mean values of calculated pharmacokinetic pa¬ 
rameters for smokers and nonsmokers were tested for 
statistical significance by the Student t test for unpaired 
data. 


RESULTS 

Nicotine metabolite profiles in urine from smok¬ 
ers and nonsmokers after a single intravenous dose 
of l4 C-nicotirte revealed excretion of nicotine and 
eight metabolites (Fig. 1). Large amounts of two pre¬ 
viously unidentified metabolites, designated metabo¬ 
lites A and G, were excreted in urine from smokers and 
nonsmokers. 

Identification of metabolites A and G. After ad¬ 
dition of (3-glucuronidase/aryl sulfatase to urine and 
chromatographically purified preparations, metabolite 
A was hydrolyzed almost completely (about 90%) 
to 3-hydroxycotinine identified by its HPLC reten- 



gajJaiei The remainder of the peak representing metab¬ 
olite A was hydrolyzed to nicotine and cotinine, iden¬ 
tified by their HPLC retention times. 


Thermospray chemical ionization mass spectral anal¬ 
ysis of metabolite G showed the protonated molecular 
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Time after 14 C-nicotine administration (min) 


Fig. 2. Plasma nicotine (NIC) and cotinine (COT) kinetics in smokers and nonsmokers after a sin¬ 
gle intravenous dose of "C-nicotine (190 |xg). 


ion [M + H] + to be at m/z 161. Under liquid chro¬ 
matography/mass spectrometry conditions, two daugh¬ 
ter ions at m/z 102 and rn/z 58 were derived from the 
molecular ion. High energy collision analysis indicated 
fragment ions at m/z 132, 119, 104, and 79. From this 
fragmentation pattern, metabolite G was identified as 
demethylcotinine A 2 ’ 3 -enamine. 

Kinetics of nicotine metabolite disposition in smok¬ 
ers and nonsmokers. Table I shows nicotine and co¬ 
tinine concentrations in urine, plasma, and saliva of our 
six smokers and six nonsmokers before they received 
14 C-nicotine. These predose concentrations of nicotine 
and cotinine were significantly higher in smokers than 
in nonsmokers. One smoker (subject 1) did not comply 
with instructions to abstain overnight as shown by his 
high plasma nicotine and cotinine concentrations (Table 
I). One nonsmoker (subject 11) who denied smoking 
tobacco nevertheless showed significant predose nico¬ 
tine and cotinine concentrations (Table I). Later, he ad¬ 
mitted that he chewed tobacco before the study. For¬ 
tunately, consumption of smokeless tobacco products 
does not alter nicotine elimination. 13 


As previously observed, 2 disappearance of i4 C- 
nicotine from plasma is btexponential with a rapid dis¬ 
tributional phase in both smokers and nonsmokers (Fig. 
2). Also, as reported previously,mean values for 
terminal plasma nicotine half-life (tv^) were approxi¬ 
mately one third shorter in smokers than in nonsmok¬ 
ers Table II; Fig. 2), In addition, plasma nicotine area 
under the curve (AUC) was reduced and plasma nic¬ 
otine clearance (CL) increased in smokers compared 
with nonsmokers (Table II). Nicotine V^. tended to 
be decreased in smokers, although this did not attain 
significance (p > 0.05; Table II). Plasma cotinine t^ 2P 
was shorter in smokers than in nonsmokers. No sig¬ 
nificant difference occurred in plasma cotinine AUC 
between the two groups (Table II). Renal clearances 
(CL r ) of both nicotine and cotinine were unaffected by 
smoking; mean values ± SE for nicotine CL ft in smok¬ 
ers and nonsmokers were 2.7 ± 0.9 and 3.3 ± 1.1 
mi/ntin/kg, respectively, Values for cotinine CL R in 
smokers and nonsmokers were 0.9 ± 0.2 and 1 .0 ± 
0.1 ml/min/kg, respectively. 

Sigma minus plots generated for the urinary excretion 
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Table II. Plasma nicotine and cotinine kinetics after intravenous administration of ,4 C-nicotine (190 ptg) in 
smokers and nonsmokers 


Nicotine Cotinine 


Subject No. 

Wt (kg) 

4> (hr) 

AUC(0—*3) 

(M-S ' minlL) 

CL 

(mil mini kg) 

V™ 

(Likg) 

hi (hr) 

AUC{0^48) 

( fig} min ' L " l ) 

Smokers 

t 

81.6 

0.9 

62 

37.7 

2.9 

10.0 

464 

2 

94.5 

0.9 

74 

27.2 

2.1 

10.8 

194 

3 

88.5 

0.7 

61 

35.1 

2.7 

12.0 

355 

4 

81.8 

0.9 

93 

25.1 

1.9 

9.7 

550 

5 

74.0 

1.1 

64 

40.0 

3.8 

8.3 

251 

6 

77.3 

0.9 

119 

21.7 

1.2 

7.7 

913 

Mean ± SE 

83.0 ± 3.1 

0.9 ± 0.1 

79 + 9 

31.1 ± 3.1 

2.3 + 0.4 

9.8 + 0.6 

454 + 106 

Nonsmokers 

1 

76. J 

1.6 

75 

33.3 

4.9 

13.! 

336 

8 

63.5 

1.3 

106 

28.2 

3.3 

17.7 

544 

9 

83.3 

1.2 

89 

25.4 

3.0 

11,3 

340 

10 

82.6 

1.6 

206 

11.2 

2. i 

13.3 

488 

11 

81.5 

1.6 

128 

18.3 

2.6 

— 

319 

12 

91.4 

1.2 

146 

14.3 

1.6 

16.3 

372 

Mean ± SE 

79.7 ± 3.8 

t.4 ± O.It 

125 ± 19* 

21.8 ± 3.0* 

2.9 ± 0.5 

14.3 ± 1.2t 

400 ± 38 


tin Half-life; AUC<0-»3), area under the curve from zero to 3 hours; CL, tout hotty clearance; V„, volume of distribution; AL/CC0-»48), area under the curve 
from zero to 48 hours. 

*0.01 < p < 0.05. 
t p < 0.01. 


Table III. Urinary excretion of nicotine and eight metabolites 120 hours after administration of M C-nicotine 
in six normal male smokers and six nonsmokers 


i 

5 

i 

3 

Metabolite 

Nonsmokers 

Smokers 

— 

Recovery of 
administered 
dose (%) 

(hr) 

Recovery of 
administered 
dose (%) 

t'ne (he) 

T ? 

Nicotine 

29.1 + 4.4 

1.4 + 0.3 

14.9 + 2.5* 

0.7 + 0.1* 


Metabolite A 

11.9 ± 1.8 

18.4 + 1.8 

16.6 + 0.7* 

15.7 + 1.0 

- ‘ t 

Cotinine-N-oxide 

4.9 ± 0.9 

10.4 + 1.8 

7.4 + 1.3 

8.9 ± 1.6 


3-Hydroxycotinine 

1.1 ± 0.4 

t 

1.6 ± 0.5 - 

1- 


Demethylcotinine 

5.8 ± 3.4 

10.4 + 1.0 

9.3 + 1.3 

11.7 ± 0.9 


Cotinine 

16.3 ± 2.1 

13.6 + 1.5 

15.6 ± 1.8 

9.8 + 1.3* 


Nomicotine 

2.4 ± 0.3 

8.5 + 0.7 

2.7 ± 0.3 

7.2 ± 0.8 


Nicotine-1’-N-oxide 

0.9 ± 0,2 

2.1 + 0.3 

0.7 + 0.3 

2-. 6 ± 0_5 

- ' 

Metabolite G 

8.4 ± 1.6 

11.2 + 0.7 

11.3 ± 1.7 

15.1 ± 1.3* 


i Data are mean values ± SE. 

V: tv#. Terminal plasma half-life. 

:; *0.01 <p< 0.05. 

: I iti,^ could not be determined accurately. 


'! of nicotine and its metabolites showed that, in smokers, 

the terminal elimination U 2 of both metabolite A and 
| metabolite G was significantly longer than that of co¬ 

tinine (Table HI; Figs. 3 through 5). By contrast, in non- 
i smokers only metabolite A persisted longer than coti- 


i 


nine. As previously reported, 2 the ti, 2 values of urinary 
elimination of nicotine and cotinine were sigificantly 
shorter in smokers compared with nonsmokers (Table 
III). The two groups, however, were similar in their 
rates of urinary elimination of metabolite A, cotinine- 
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Fig. 3. Sigma minus plots of urinary excretion of metabolite A by six smokers and six nonsmokers 
who received a single intravenous dose of 1 “C-nicotine (i90 jag). Data arc mean values ± SE. 


/V-oxide and demethylcotinine. Although the a elimi¬ 
nation phase of metabolite G appeared to be shorter in 
smokers than in nonsmokers (Fig. 4), the terminal elim¬ 
ination phase of this metabolite was shorter in nonsmok¬ 
ers (Table III; Fig. 4). 

DISCUSSION 

These studies describe two unusual metabolites of 
nicotine in the urine of both smokers and nonsmok¬ 
ers. Metabolites A and G are of interest because they 
persisted longer than cotinine in the urine of cigarette 
smokers (Table III; Figs. 3 through 5). Thus they appear 
to be candidates for tracing passive exposure to nicotine 
more sensitively than previously possible. 

Metabolite A was demonstrated to be the glucuronide 
of 3-hydroxy cotinine. Metabolite G appeared to be de- 


methylcotinine A y y -enamine, on the basis of its mass 
spectral fragmentation pattern. Previously, we identi¬ 
fied allohydroxydemethylcotinine as a long-lived nico¬ 
tine metabolite in rats. 5 Metabolite G appears to be the 
dehydrated metabolite of 2'-hydroxydemethylcotinine 
(allohydroxydemethylcotinine) (Fig. 6). Isolation of 
metabolite G by mild alkaline-modified extraction with 
methylene chloride precludes the possibility that it 
arises as a degradation product. Another compound re¬ 
lated to metabolite G, cotinine A i ’ i '-enamine, was re¬ 
cently identified as an in vitro metabolite of p- 
nicotyrine, a tobacco alkaloid, 14 which itself has been 
implicated as a metabolite of nicotine. 15 

Our findings confirm and extend previous reports 
that smokers and nonsmokers differ in their metabolism 
of nicotine and cotinine. 1 ' 3 As in previous studies, 1 ' 3 
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Fig. 4. Sigma minus plots of urinary excretion of metabolite G by six smokers and six nonsmokers 
after a single intravenous dose of H C-nicotinc (190 tig). Data are mean values ± SE. 


plasma values for elimination of nicotine and coti- 
nine were shorter in smokers compared with nonsmok¬ 
ers (Fig. 2; Tables II and III). Moreover, the present 
study revealed that plasma nicotine clearance was faster 
in smokers than in nonsmokers (Table II). More rapid 
elimination of nicotine and cotinine in smokers has been 
attributed to the inductive effects of chronic cigarette 
smoking on the hepatic metabolism of many xenobiotic 
agents. 2J6 ' 21 

This study identified eight urinary metabolites of nic¬ 
otine (Table III) and showed that, in smokers, both me¬ 
tabolite A (3-hydroxycotinine glucuronide) and me¬ 
tabolite G were longer lived than cotinine (Table III; 
Figs. 3 through 5). In nonsmokers, metabolite A ex¬ 
hibited the same elimination rate as in smokers, whereas 
the elimination of metabolite G appeared paradoxically 
shorter (Table III). One possible explanation for this 
selective modulation of individual pathways of nico¬ 
tine metabolism in smokers may relate to the complex 


composition of tobacco smoke 23 with consequent dif¬ 
ferential enhancement, as well as inhibition, of diverse 
hepatic drug-metabolizing enzyme systems. 23-26 Metab¬ 
olite G shows biexponential decay (Fig. 4), a phe¬ 
nomenon that we have previously reported for nicotine 
and some of its metabolites 2 and that has been reported 
by others, 27 Biexponential decay of nicotine shown in 
Fig. 2 probably reflects the transition from a distribu¬ 
tion to an elimination phase, rather than a change in 
rate of metabolism. The latter mechanism probably ac¬ 
counts for biexponential decay of metabolite G because 
a change in the slope of a sigma minus curve indicates 
an alteration in the rate-limiting step of metabolism of 
the compound. 2S M For metabolite G, such a change in 
the rate-limiting step could arise from gradual accumu¬ 
lation that finally saturates one enzyme system, forcing 
biotransformation through another system. 

A potential application of these results involves 
adoption of 3-hydroxycotinine glucuronide, by vir- 
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Time after 14 C-nicotine administration (hr) 

Fig. 5. Sigma minus plots of urinary excretion of cotinine by six smokers and six nonsmokers af¬ 
ter an intravenous dose of '"C-nicotine (190 pg). Data are mean values ± SB. 
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Fig. 6. Relationship between metabolite G and 2'-hydroxydemetbylcotinme (allohydroxydemethyl- 
cotininc). 
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tue of its longer tv 2 , as a more sensitive and discrimi¬ 
nating marker than cotinine for passive exposure to 
cigarette smoke. Another advantage of the use of 3- 
hydroxycotinine glucuronide as a marker for tobacco 
exposure is that cigarette smoking does not appear to 
accelerate its elimination as much as that of cotinine 
(Table III; Fig. 3). Thus, smoking status of the subject 
should influence the disposition of 3-hydroxycotinine 
glucuronide appreciably less than it does that of coti¬ 
nine. To test these hypotheses, comparative studies of 
the disposition of both cotinine and 3-hydroxycotinine 
giucuronide should be undertaken in larger numbers of 
smokers and nonsmokers. 

A nicotine metabolite recently highlighted by the 
studies of Neurath et al. 9 and Scherer et ai. 30 is 
the short-lived 3-hydroxycotinine (t V2f , — 5.9 hours), 
which appeared in greater concentrations than cotinine 
in the urine of smokers. In our study based on a differ¬ 
ent design, that of l4 C-nicotine intravenous injection, 
metabolite A has been shown to be 3-hydroxycotinine 
glucuronide, with a approximately three times that 
of its aglycone, 3-hydroxycotinine. The relatively long 
U 2 of metabolite A may arise from a reduced CL R of 
metabolite A compared with the rate of hepatic gluc- 
uronidation of 3-hydroxycotinine. Alternatively, our 


findings may also explain why. 
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Finally, these studies were performed with the use 
of racemic '“C-nicotine. We recognize that stereoselec¬ 
tive metabolism of nicotine occurs' 0,3103 and that dif¬ 
ferent findings may be obtained if the S- and R- 
enantiomers were administered. However, cigarette 
smoke is known to contain both enantiomers, albeit in 
different concentrations (4% to 10% of the R enantio¬ 
mer), 31 - 32 therefore to some extent, smokers are required 
to dispose of the S- and R-stereoselective form. 


We thank Dr. Dan Garteiz of TexMS, Inc., Houston, 
Texas, for the chemical ionization and liquid chromatography 
mass spectrometry analysis. We also thank Mr. Jeffrey Blank 
of Pennsylvania State University Mass Spectrometry Facility, 
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spectra. 
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